A simple method for determining hydroxyl radical yields on semiconductor 16 photocatalysts is highly desirable, especially when comparing different photocatalyst 17 materials. This paper reports the screening of a selection of visible light active 18 photocatalysts such as Pt-C3N4, 5% LaCr doped SrTiO3, Sr0.95Cr0.05TiO3 and Yellow 19
and Pt-C3N4 were also determined and found to be 35.6 µM/hr, 0.28 µM/hr and 0.88 27 µM/hr respectively. The other visible light activated photocatalysts did not produce any 28
OH radicals primarily as a result of their electronic structure. Furthermore, it was 29 concluded that, if any visible light absorbing photocatalysts are to be fabricated in 30 future for the purpose of photocatalytic oxidation, their OH radical producing rates (and 31 quantities) should be determined and compared to P25. 
INTRODUCTION 50
Photocatalysis has gained significant interest since the early publication by 51
Fujishima and Honda in 1972, demonstrating the potential of splitting water over TiO2 52 [1] . Since this publication, photocatalysis has been applied to a broad range of fields 53 including waste water treatment, microbe destruction, toxin removal, energy production 54 and air treatment. ) play a key role in a number of photocatalytic pathways and as such their 58 identification and quantification is a key consideration. As shown in reaction 2, OH 59 radicals are primarily generated from the reaction between valence band holes (hvb+) 60 and hydroxyl ions on the catalyst surface. An indirect pathway, via O2
. - , also results in 61 OH radical formation, as shown in reactions 3-6. The efficiency of OH radicals in 62 photocatalytic reactions is predominantly based on their strong oxidising potential of 63 2.8 V (vs NHE) [11] . The non-selective nature of these reactive oxygen species also 64 aids rapid degradation of various pollutants and organic contaminants [3, 7, [11] [12] [13] [14] [15] [16] . 
Materials 137
Coumarin and 7-hydroxycoumarin were purchased from Tokyo Chemical Industry 138 UK Ltd, while TiO2 P25 was purchased from Degussa (now Evonik industries) and WO3 139 nano powders were purchased from Sigma Aldrich. All commercial chemicals were 140 
Characterisation of Photocatalysts 145
WO3, LaCr-SrTiO3 and Cr-SrTiO3 were characterised by X-Ray diffraction (XRD) 146 and UV-Visible absorption. XRD analysis of powders was examined on a SToe 147 STADI/P powder diffractometer. Incident radiation was generated using a Cu kα source 148 (λ=1.54056 Å). Diffuse reflectance spectra were collected on a JASCO-V550 UV-149 visible spectrophotometer. The characterisation of Pt-C3N4 and yellow TiO2 has been 150 reported elsewhere in literature [41, 42] . 151 152
Photocatalytic experiments 153
All photocatalytic experiments were performed in closed screw cap bottles. The 154 reaction solution was composed of 100 ml of 100 μM coumarin along with 10 mg of 155 
OH radical quantification 175
OH radicals were quantified based on a modified method described by Zhang et al. 176 [38] and according to equation 1. The concentration of OH radicals was calculated by 177 assuming that 6.1 % of total OH radicals were captured as 7-hydroxycoumarin. The 178 stoichiometric ratio of one mole of OH radical consumed for the production of one mole 179 of 7-hydroxycoumarin was used [23] . The total number of OH radicals produced over 180 time during this photocatalytic process was calculated using the following equation. hydroxycoumarin is shown in Figure 3 . The production of 7-hydroxycoumarin under 234 these conditions equates to a peak OH radical concentration of 16.9 µM after 45 mins. 235 236 a number of these investigations also used a high concentration of both catalyst and 261 coumarin. Furthermore, it has been suggested that at higher concentrations of 262 coumarin (>100 µM), more UV light is absorbed by this probe and not the catalyst, 263 which results in a low 7-hydroxycoumarin and OH radical production rate [23] . In the 264 present study, Kapp which is the rate constant for the formation of 7-hydroxycoumarin 265 was calculated to be 0.0234 µM/min whereas Kdis, the rate constant for the 266 disappearance of 7-hydroxycoumarin was calculated to be 0.0135 µM/min. In this study 267
we have established that both, production and degradation of 7-hydroxycoumarin 268 followed zero order kinetics, which is agreement with previous studies. 269 270
Visible light photocatalysis 271
A number of visible light catalysts were also selected for comparison against P25 272
TiO2. While the synthesised catalysts all possessed energy band gaps that supported 273 visible light activation, only WO3 and Pt-C3N4 had energy band potentials (valence 274 band at 3.2 V and 1.4 V respectively and conduction band at 0.2 V and -1.3 V 275 respectively) that would facilitate OH radical formation either directly or indirectly as 276 mentioned in reactions 2-6. Catalysts LaCr-SrTiO3, Cr-SrTiO3 and yellow TiO2 (valence 277 bands at 2.7 V, 2.7 V and 2.6 V respectively and conduction bands at -0.1 V for all the 278 three photocatalysts) were selected to monitor if 7-hydroxycoumarin was formed even 279 when the electronic structure of the catalyst was not suited to the redox potential of the 280
reaction. 281 282
The photocatalytic hydroxylation of coumarin to 7-hydroxycoumarin over WO3 and 283
Pt-C3N4 under visible light is shown in Figure 4 . As can be seen, minimal conversion of 284 coumarin was observed over both Pt-C3N4 and WO3, which was also supported by the 285 low formation of 7-hydroxycoumarin ( Figure 5 ). Pt-C3N4 displayed a slow yet steady 286 conversion rate, reaching a 0.91 % drop in coumarin after 120 mins of irradiation 287 whereas, a varying coumarin concentration pattern was seen over time on WO3. It is 288 interesting to note that there was an initial decrease in coumarin concentration followed 289 by an increase which may be attributed to coumarin desorption from the surface of 290 WO3. This desorption could be a result of the alteration in equilibrium in the closed 291 system due to the possible evolution of O2 from water on WO3 under visible light. 292
293

Figure 4. 294 295
While the decrease in coumarin concentration is low, production of OH radicals 296 over Pt-C3N4 and WO3 was supported by the detection of 7-hydroxycoumarin upon 297 photocatalysis ( Figure 5 ). When WO3 was used as the photocatalyst, there was no 7-298 hydroxycoumarin production until 30 minutes of irradiation which could be due to the 299 rapid recombination of the electrons and the photo generated holes. After 30 minutes, 300
OH radical production was steady with a gradual generation of 7-hydroxycoumarin 301 being observed. In the case of Pt-C3N4 however, 7-hydroxycoumarin production was 302 seen from 15 minutes. The initial increase in the 7-hydroxycoumarin concentration 303
correlates to a rapid degradation of coumarin during the first 60 mins of irradiation. 304 305
Figure 5. 306 307
In contrast to Pt-C3N4 and WO3, the catalysts LaCr-SrTiO3, Cr-SrTiO3 and yellow 308 TiO2 displayed no activity towards coumarin conversion to 7-hydroxycoumarin, which 309 indicates no OH radical formation. Furthermore, under prolonged visible light irradiation 310 no detectable 7-hydroxycoumarin was recorded. 311 312 3.2.3 Influence of photocatalysts' electronic structure and particle size on OH 313
radical formation 314
In order to evaluate and discuss the performance of the catalysts, it is essential to 315 consider the primary contributing factors; electronic structure and particle size. The 316 electronic structure of the catalysts dictates the initial photo-excitation of electrons to 317 higher energy levels, while the particle size dictates the concentration of photons 318 absorbed and surface reactions between coumarin and OH radicals. As shown in 319 reactions (2) -(6), OH radicals can occur via two routes in photocatalysis. The direct 320 formation at the valence band requires a redox potential of 2.8 V vs NHE, while the 321 indirect method occurs via the intermediate radical, O2
.-and requires a redox potential 322 of -0.33 V vs NHE [53] . The electronic structure of the catalysts tested in this study, in 323 relation to the redox potentials required for radical formation, are shown in Figure 6 . 324 325
Figure 6 326 327
As Figure 6 shows, catalysts TiO2 P25, Pt-C3N4 and WO3 possess an electronic 328 structure which corresponds to the redox potential of OH radical formation via either 329 direct or indirect mechanisms. The favourable electronic structure of TiO2 for OH 330 radical formation has been well documented and is evident from the results highlighted 331
here. The performance of Pt-C3N4 and WO3 for OH radical formation, however, has not 332 been as well reported. The structure of WO3 with a more positive valence band 333 suggests it is capable of generating surface OH radicals, however, the results obtained 334 indicate minimal 7-hydroxycoumarin production within 2 hours. Based on the structure, 335 it was likely an increased rate of recombination preventing OH radical formation via the 336 valence band hole, due to insufficient energy to initiate a reduction reaction at the 337 conduction band [21] . To prevent recombination and to increase the OH radical 338 production, Kim et al. synthesised Pt-doped WO3 and found that the OH radical 339 production from Pt-WO3 was significantly higher than un-doped WO3 [20] . Furthermore, 340 the large particle size of approximately 100 nm for WO3 indicates a smaller surface 341 area, which leads to minimum absorption of light. showed both the valence band and conduction band of all these catalysts to be lower 357 than the redox potentials to facilitate radical formation as seen in Figure 6 . These 358 catalysts were primarily used as a control parameter to ensure no 7-hydroxycoumarin 359 formation was observed. 360
361
The calculated OH radical concentrations and production rates produced over all 362 catalysts screened are summarised in 
CONCLUSION 373
The aim of screening UV and visible light absorbing photocatalysts to assess their 374 oxidative strength was accomplished successfully by trapping OH radicals produced by 375 the photocatalysts in 7-hydroxycoumarin. The OH radical production capabilities of 376 various photocatalysts covering a range of band gaps and particle sizes were assessed 377 by comparing and discussing their differences with the commercial UV light activated 378 P25. To conclude, visible light activated photocatalysts such as LaCr-SrTiO3, Cr-379 SrTiO3 and yellow TiO2 did not produce any OH radicals and this could be attributed to 380 their electronic structure. Whereas, the (pseudo) maximum OH radical production rates 381 of other visible light activated photocatalysts namely, WO3 (0.28 µM/hr) and Pt-C3N4 382 
